Abstract I review evidence that females deceive males in the context of sexual selection and sexual conflict in the green poison frog, Dendrobates auratus. In this species, males mate polygynously when they have the opportunity, but polygyny imposes a cost on female reproductive success. Some females attempt to guard their mates when those males are approached by other females. This behavior involves both aggression toward other females and active "pseudo-courtship" of the male. This courtship is hypothesized to be a deceptive signal that functions to prevent the male from mating with other females. Observational and comparative evidence is presented in support of the predictions of this hypothesis. This form of deception is compared to similar behaviors that occur in other species, and the possibility that other forms of deception occur in poison frogs is discussed [Current Zoology 60 (1): 3742, 2014].
Animal communication is a complex mixture of reliable and deceptive information (Trivers, 2011) . While honest signaling does occur, and can be enforced to some degree by a variety of mechanisms (e.g. physiological cost), deception is common and frequently profitable (Dawkins and Guilford, 1991) . Evidence for deception is ubiquitous across taxa and levels of phenotype (Dawkins and Krebs, 1978) . Deception occurs in a variety of contexts, including interspecific interactions (e.g. Batesian mimicry in predator-prey interactions; brood parasitism, flower mimicry in plant-pollinator interactions, etc.), and various intraspecific interactions such as foraging and parent-offspring communication (Dawkins and Krebs, 1978; Dawkins and Guilford, 1991; Trivers, 2011) . Deception is particularly common in the context of sexual selection (Weldon and Burghardt, 1984) , including competition for mates (e.g. Brown et al. 2012) , mate choice (e.g. Funk and Tallamy, 2000) and sexual conflict (e.g. Bro-Jorgenson and Pangle, 2010) .
Before discussing specific examples, it is important to define what is meant by deception, as definitions and interpretations can differ between researchers and studies. In this paper, I will employ the definition of deception used by Mitchell (1986) , in describing level-two deception. Under this definition, deception occurs when a signal that normally precedes a specific action or occurrence (e.g. courting behavior prior to oviposition) is given by an individual (the deceiver), but this individual then does not perform the behavior that normally follows (oviposition). This definition is also consistent with, but simpler than, Byrne and Whiten's (1988) use of the term tactical deception: "Acts from the normal repertoire of the agent, deployed such that another individual is likely to misinterpret what the acts signify, to the advantage of the agent". This definition incorporates the mental processes of the receiver (i.e. misinterpretation), and so is somewhat more difficult to demonstrate empirically. Nevertheless, in many instances Byrne and Whiten's (1988) interpretation of receiver mental processes is consistent with logical inference (see below). It has also been argued that it is important to demonstrate a cost to the receiver in order to confirm deception (Semple and McComb, 1996) . Costs may be difficult to demonstrate empirically, leaving some cases posited to represent deception in doubt (e.g. mating status in pied-flycatchers: Slagsvold and Dale, 1994) . However, in many cases (such as the hypothetical case concerning courtship signals), the lack of oviposition after courtship can be directly interpreted as having a negative impact on reproductive success.
Another key assumption here is that the sequence (e.g. courtship followed by termination without oviposition) is an adaptation, and is not simply an error on the part of the "deceiving" individual. In order for such deception to be evolutionarily stable, there must be some potential cost to receivers that ignore the signal (e.g. a missed opportunity to mate). Note that this type of deception can also involve signals that normally precede a phenomenon (e.g. alarm calls preceding the attack of a predator). In this case, in order meet the definition of deception, the alarm call must be given in the absence of any perception of a predator by the deceiver (i.e. it cannot simply be a mistake, involving perception of a predator when none exists). This latter case would not involve deception, even if the signaler takes advantage of fleeing on the part of conspecifics to obtain more food. This form of deception is more difficult to demonstrate empirically, because it is not uncommon for individuals to mistakenly perceive predators when none actually exist.
Deception is particularly common in the context of sexual selection. In a number of species, entire classes of males have evolved whose main tactic is to mimic females in order to deceive males. This provides an advantage to the mimic in terms of enhanced fertilization success, and imposes a corresponding cost on the "dupe" male that is fooled by this type of mimicry (e.g. Stoltz and Neff, 2006) . Competition between males for access to females has generated a diversity of complex strategies of deception. For example, male mourning cuttlefish will display courtship signals on one half of their body (visible by only by adjacent females) while simultaneously mimicking female-typical displays on the other half-their body (only visible by adjacent males) (Brown et al., 2012) .
In some cases, deceptive signals are employed in situations involving conflict between the sexes. For example, in topi antelope, males using alarm snorts to delay the departure of females from their territories, increasing their mating access to fertile females (BroJorgenson and Pangle, 2010) . Such strategies are not limited to males. For example, females in some species may use copulation solicitation as a mechanism to distract males from other females, in order to avoid or reduce the cost of polygyny (e.g. Pinxten, 1995, 1996) . However, examples of deception by females in this context are rare.
Here I describe evidence for deception by females in the context of sexual conflict in Neotropical poison frogs. The Neotropical poison frogs (family Dendrobatidae) are known for their bright coloration and toxicity, but also for their complex social behaviors (Wells, 2007) . All species have some form of parental care, and many species show some mixture of territoriality, acoustic advertisement, visual displays (e.g. head bobbing), prolonged courtship with tactile interactions, and aggressive intrasexual competition (Wells, 2007) . Parental care can involve egg attendance (including moisturization and parasite removal), transport of tadpoles to small pools of water (phytotelmata) and even prolonged feeding of larvae with trophic eggs (Weygoldt, 1987) . Most species that have been studied in detail have male parental care, although female care and biparental care also occur (Weygoldt, 1987; Brown et al., 2008) .
In Dendrobates auratus (see Fig. 1 ), males defend territories and attempt to attract females to mate within their territorial borders in the leaf litter (Summers, 1989) . If successful, the male and female will go through a long, elaborate courtship, moving above and below the leaf litter throughout the male's territory seeking an oviposition site (typically on a leaf just below the surface of the leaf litter). Courtship involves extensive tactile interactions between the male and the female, including nudging, stroking, climbing on and even jumping on one individual by the other. Typically females are substantially more active than males in these tactile interactions, although males are more active acoustically (females don't call). Courtships can last for several hours, and have been observed to last for an entire afternoon (six hours) in rare cases (Summers, 1989) . Ultimately, the pair will choose an appropriate location for oviposition. The female oviposits first, whereupon the male sits on the clutch and fertilizes the eggs (Summers, 1989) .
Once oviposition is complete, the male carries out all parental care duties. These include attending the clutch regularly, providing moisture (from the bladder) to prevent desiccation, and moving the ventrum and wiping the legs over the surface of the clutch (these latter behaviors may serve to remove parasites, such as fungal spores, from the clutch, preventing or reducing infection). As the eggs are maturing into tadpoles over a period of two weeks, the male is actively engaged in exploring the environment in search of tadpole deposition sites. Dendrobates auratus typically deposit their tadpoles in treeholes that fill with water, and these are often found in the canopy. Hence males can travel long distances (tens of meters or more) from their territories in searching for trees that harbor appropriate treeholes. Males are regularly seen ascending trees searching for such treeholes. Once the tadpoles have matured, the males will allow the tadpoles to wriggle onto his back, and will then carry them to treeholes where they are deposited and mature to metamorphosis. Males typically transport one tadpole at a time, and tadpoles from a single clutch (averaging 3-4 eggs) are typically deposited in different pools (Summers, 1990) .
Observations of marked individuals make it clear that males will court and mate with multiple females over a short time span (several days) if they have the opportunity. In this case, the male will be in the position of caring for the eggs and tadpoles of several different females simultaneously. Caring for multiple clutches imposes several potential costs on the offspring. First, the males have to attend all the clutches, which may impact the male's ability to effectively prevent desiccation and infection. Second, the extra time taken for care of multiple clutches may detract from the male's ability to locate high quality pools (which are typically far away from the male's territory and difficult to locate). Third, the male may transport tadpoles from different clutches to a single pool. This latter behavior is particularly costly to the second tadpole deposited in the pool (which is likely to be younger and of smaller size), because D. auratus tadpoles are voraciously cannibalistic.
Experiments have demonstrated that large tadpoles will typically consume other, smaller tadpoles that share the same pool (Summers, 1990) . Focal follows of individually marked males revealed that males frequently carry tadpoles from different clutches to a single pool, placing the smaller tadpole at substantial risk of cannibalism (Summers, 1990) . Note that D. auratus tadpoles will readily cannibalize both related and unrelated smaller tadpoles (Gray et al., 2009) .
These costs reduce the overall reproductive success of the parental male. However, the male is also likely to gain compensating benefits from mating polygynously and caring for the offspring of multiple females. These benefits likely include higher numbers of offspring raised. Even in the case of cannibalism of an offspring by a larger half-sibling, the male experiences the benefit of a higher growth rate for one offspring, at the expense of losing the smaller one. However, such compensating benefits are not likely to be conferred on the mates of the polygynous male. Rather, the male's mates are likely to suffer a cost from sharing the parental care of their mate with the offspring of other females.
These costs of polygyny have apparently led to the evolution of mate guarding by females in this species (Summers, 1989 (Summers, , 1990 (Summers, , 1992a . Some females will remain on or near the territory of a particular male, and will associate with that male on a regular basis. If another female approaches that male in the presence of this guarding female, she will alternate between attacking the intruding female and actively courting the calling male. The calling male will direct his calls at whichever female is closest, and will actively court with either female, suggesting that he does not have a preference for one female over the other (Summers, 1989) .
Originally, the occurrence of female-female aggression and active courtship by females suggested that this was an example of sex-role reversal, in which males were investing so much effort into parental care that they had become a limiting resource for females, which would then compete to monopolize multiple males (Trivers, 1972; Wells, 1978) . However, extensive and detailed studies revealed evidence that contradicted the predictions of this hypothesis (Summers 1989 (Summers , 1990 (Summers , 1992a . Males are willing and able to care for the clutches of multiple females simultaneously (although as noted this imposes a cost on average offspring fitness). The amount of time it takes for a female to produce a clutch of eggs is estimated to be longer than the amount of time it takes males to care for each clutch of offspring. Males actively engage in courtship with any female that approaches them, and do not reject females. Males aggressively compete over territories that are then used to attract females, and males will fight directly over females when the opportunity arises. Females will also fight over males, but female-female aggression over mates is not more common or intense than male-male aggression over mates. These observations are not consistent with predictions of the sex-role reversal hypothesis, but are consistent with the hypothesis that sexual conflict is (in part) driving the strategies of males and females in this species (Summers, 1989 (Summers, , 1990 (Summers, , 1992a .
One frequent observation that seemed to be consistent with a prediction of the sex-role reversal hypothesis was that females are more active (in terms of tactile stimulation) during courtship than males are. However, upon close observation of the termination of multiple courtships, it became apparent that while females are more active than males during courtship, they also reject males more frequently than the reverse, which is inconsistent with the sex-role reversal hypothesis. Frequent rejection by females is, however, consistent with the sexual conflict hypothesis, and this brings us to the subject of deception.
As noted above, when another female approaches a male being guarded by a female, the guarding female will alternate between attacking the intruding female and actively courting the male. Ultimately, these guarding females drive away the intruding females, and then actively court the male, who leads the female through the leaf litter, searching for an oviposition site. However, after a relatively short (15-30 min) period, the guarding female will gradually cease actively courting the male. As this occurs, the male takes on the more active role in courtship, pursuing the female and actively stroking, nudging, rubbing and even climbing and jumping on her. The female, however, ultimately refuses to mate in this interaction. Note that this female will mate with the male she is guarding (repeatedly) over the long period of the tropical wet season (which can last eight months), but simply refuses to mate in that particular interaction. In this case, females appear to be using courtship as a mechanism to distract "her male" from courting with a different female, even though she is not currently prepared to mate (oviposit). The male does not appear to be able to determine whether one (actively courting) female is more "honest" in her attentions in any particular interaction, and so willingly courts with whichever female is closest to him at a given time. This interaction clearly describes a form of deception, in which the female uses courtship to actively deceive a male concerning her willingness to mate in a specific interaction, in order to avoid a cost to her fitness imposed by polygyny (Summers 1989 (Summers , 1990 (Summers , 1992a .
This same pattern of behavior has also been found in a close relative of D. auratus, D. leucomelas in Venezuela. This species also shows male territoriality and female mate guarding, and females are also more active than males during courtship. Again, however, females frequently alternate between actively courting a male and driving away an intruding female, only to gradually cease active courtship after the intruding female has been banished and is no longer present (Summers, 1992a) .
A similar pattern of behavior may also be seen in a more distantly related species, Phyllobates vittatus in Costa Rica, although this species has not been studied in as much detail. Nevertheless, observations indicate that females in this species will interact aggressively over males, actively court males, and yet reject males more frequently than the reverse (Summers, 2000) . The reproductive strategy of this species is such that females may experience a cost of polygyny as they do in D. auratus and D. leucomelas.
Evidence for deception by females in the context of mate guarding is rare, but has been reported in the literature. For example, female starlings more actively solicit copulations from their mate in the presence of rival females Pinxten, 1995, 1996) . Females compete aggressively over males in this species, and polygyny is known to impose a cost on female fitness Pinxten, 1995, 1996) . Even (or especially) human females are thought to engage in deception in the context of sexual conflict (Buss, 2003; Haselton et al., 2005) , and in some cases the deceptive tactics employed by human females are similar to those described here for poison frogs. For example, women will deceptively indicate a desire for sex with a particular man without intending to actually engage in sex at that time (Buss, 2003; Haselton et al., 2005) . In humans, this tactic appears to be typically associated with resource or status acquisition rather than mate-guarding, but it is possible that women under some circumstances could deceptively indicate to a man that they will be sexually available in a short time frame to distract his attention from a rival, when in fact they do not intend to actually be sexually available that quickly (although they ultimately intend to choose that man as a long-term mate). This would be a form of deceptive mate-guarding that parallels that seen in poison frogs. In summary, both detailed evidence from D. auratus and comparative evidence from related species supports the hypothesis that deception by females has evolved in poison frogs in the context of sexual conflict and the costs of polygyny. This conclusion begs the question of whether deception has evolved in other contexts in these frogs. There are, in fact, a number of other behavioral contexts in these and related species of poison frogs that may be conducive to deceit and deception.
In the genus Ranitomeya, tadpoles are placed in small phytotelmata (e.g. bromeliad tanks) and cannibalism by large tadpoles is common (e.g. Summers, 1999) . Brown et al. (2009) demonstrated that parents will strategically deposit tadpoles to enhance the opportunities of tadpoles they are transporting to cannibalize eggs and smaller tadpoles. It is possible that tadpoles themselves use deceptive tactics (e.g. hide in the leaf litter in the pools) in order evade detection by adults with small tadpoles searching for pools, and hence maximize their chances of cannibalizing a smaller tadpole.
In a number of species of Ranitomeya, eggs are deposited on leaves above leaf axil pools, and (after hatching) typically slide into the pool below if they are not carried elsewhere by the male. Weygoldt (1987) proposed that male polygyny could impose a high cost on females in these species, due to cannibalism by tadpoles. This could involve deception if polygynous males deceive females into depositing eggs in pools that already contain a tadpole (from another mate) that the male had previously deposited in the pool, resulting in cannibalism and imposing a cost on the fitness of the second female. Note that males could also carry large tadpoles to pools already containing eggs or small tadpoles -this would impose a cost of polygyny without any deception on the part of the male. Field research on R. variabilis (name changed from Dendrobates ventrimaculatus: see Brown et al. 2011) in Ecuador has confirmed that multiple eggs and tadpoles are frequently placed in or above the same pool, and that cannibalism is common (Summers and Amos, 1997; Summers, 1999; Summers and Symula, 2001) . Genetic analyses suggest that tadpoles and embryos in the same pool are typically less related than full-siblings but more closely related than non-relatives (i.e. related as half-siblings: Summers and Amos, 1997). Hence, it appears likely that females frequently suffer a cost of polygyny due to tadpole cannibalism in this species. However, it is still not clear that males are deceiving females into depositing eggs above pools that have tadpoles from other females -it is possible that the females are aware of the presence of these other tadpoles, but simply have no better options. In this case, no deception would be occurring, in spite of the fact that females are suffering a cost of polygyny.
In some species of Ranitomeya (and Oophaga) females actually feed their offspring trophic eggs. Tadpoles in these species have evolved specific begging behaviors. It is possible that these behaviors may sometimes be employed to deceive females other than the mother to feed an unrelated tadpole, although no evidence of such behavior has been reported and there should be strong selection against females feeding unrelated offspring. These are just some examples of potential pathways for the evolution of deceit and deception in poison frogs -full exploration of the possibilities awaits further research.
